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Abstract—Accurate radio propagation models are critical for
interference and spectrum management, especially in scenarios
involving dynamic spectrum access and/or inter-system coexis-
tence in dense heterogeneous networks, due to the effect of
aggregate error margins in the interference estimate. Despite
their established limited accuracy, statistical path loss models
often continue to be used to predict radio coverage for emerging
wireless networks. In reality, urban radio coverage is highly
influenced by the complex idiosyncratic structure of a given city
propagation environment. In this paper, we present a joint study
of the radio coverage — via detailed propagation simulations
in WinProp — and statistics of the urban layout from 3D city
data for seven regions of New York City (NYC). Our results
reveal a very large variability in the received signal strength
(RSS) among the regions (difference of up to 13.5 dB in the
median RSS), demonstrating the inadequacy of simple urban
propagation models for setting interference limits with bounded
safety margins. A few works in the early literature had proposed
to improve the accuracy of statistical propagation models by
incorporating correction terms that are site-specific, as derived
from 3D building data. However, the validity of such an approach
is supported solely by a few localized measurement campaigns.
The results of our detailed regionalized study of radio coverage
over 250 km2 of NYC suggest that urban coverage prediction
errors depend on the city layout in a much more nuanced
manner. We show that the distribution of building heights shows
no apparent correlation with RSS, and that although building
density is coarsely correlated with RSS for different areas of
Manhattan, this does not hold for the Bronx. We thus argue
that much more sophisticated correction factors would need to
be developed to substantially improve the accuracy of statistical
propagation models; alternatively, if this is not feasible, site-
specific coverage estimate calibration is unavoidable.

I. INTRODUCTION

Accurate radio propagation models are key for reasoning

about both intra- and inter-system interference in wireless

networks and are thus central to many dynamic spectrum

access (DSA) and management tasks, such as: (i) estimation

of achievable network performance, number of potential sec-

ondary users, and utility of spectrum [1]; (ii) dynamic spec-

trum management algorithms [2], [3]; and (iii) evaluation of

interference avoidance techniques, e.g. spectrum sensing [4].

Numerous approaches for propagation estimation have been

proposed in the literature [5], ranging from statistical distance-

based propagation models to site-specific approaches based on

numerically estimating the behavior of electromagnetic waves.

Measurement-based approaches [6], [7] offer high accuracy,

but need costly data acquisition. Statistical models are still

commonly used due to their perceived generality and apparent

simplicity, as only coarse information on the environment

(such as mean rooftop levels) are needed in their parameteri-

zations. However, it is well known that statistical models differ

greatly in terms of accuracy, and that without measurement-

based calibration their performance can be poor [7], [8].

Consequently, earlier work [9]–[11] had proposed enhanc-

ing the accuracy of statistical propagation models using knowl-

edge of the surrounding building structures, showing that

especially building density data can be helpful. However,

these conclusions were based on measurements conducted

in relatively small areas, and it remains an open question

whether such approaches generalize beyond these localized

study regions. Establishing this would be of significant interest

to the DySPAN community as it would enable improved

estimation of interference relationships without the use of

computationally costly site-specific models.

In order to study the influence of the surrounding urban

environment on radio coverage, we have conducted detailed

regionalized propagation simulations over 250 km2 of NYC,

and analyzed the results against statistics of the real 3D

city data. Our results show that coverage varies enormously,

even within relatively homogeneous urban environments, with

median received signal strength (RSS) differing over 10 dB

between different areas of Manhattan alone. This is in stark

contrast with typical statistical propagation models, for which

even large environmental changes result in only a few dBs

of RSS variation (e.g. urban vs. suburban environment in the

COST 231-Hata model [8]). Classical statistical propagation

models can thus lead to very large errors in coverage estimates

in urban environments (greater than typically discussed in the

literature), which affect e.g. the secondary network interfer-

ence safety margins in DSA scenarios.

Our results also suggest that the effect of the detailed 3D

city layout on radio coverage, though highly pronounced, is

rather nuanced: the distribution of building heights shows no

apparent correlation with RSS, whereas building density is

coarsely correlated with RSS for areas in Manhattan, but not
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(a) Manhattan A (b) Manhattan B (c) Manhattan C

Fig. 1. Map illustrating the building footprint layout of each of the ca. 6 km × 6 km considered study areas in Manhattan.

in the Bronx. Importantly, our results thus show that simple

correction factors based on urban layout might be somewhat

useful locally, but generalize poorly to larger regions. We

argue that much more sophisticated correction factors, perhaps

based on second-order statistics of the 3D city data, would

be needed to substantially improve the accuracy of statistical

propagation models. Otherwise, detailed site-specific simula-

tions or measurement-based approaches are unavoidable.

The rest of this paper is organized as follows. Section II

describes our simulation setup and assumptions. Section III

presents our results. Section IV concludes the paper.

II. SIMULATION SETUP & ASSUMPTIONS

We consider seven adjacent study areas of ca. 6 km × 6 km

in the NYC boroughs of Manhattan and Bronx, for which we

have the detailed 3D building data from NYC OpenData [12].

The building footprint layout of each study area in Manhattan

and the Bronx is illustrated in Figs. 1 and 2, respectively.

The selected overall NYC study area of over 250 km2 is

highly urbanized and enables us to investigate both the impact

of variations in 3D city layout on radio coverage in two

regions with distinctly dissimilar urban layouts (Bronx and

Manhattan), and the effect of more subtle variations in city

structure among the study areas within each borough.

We obtained the RSS distribution in each study area via

detailed propagation simulations using the raytracing software

WinProp [13], for a macro base station placed in the centre of

the area at 2 m above roof height, transmitting at 46 dBm in

the 2 GHz frequency band. These simulation parameters were

chosen to reflect typical LTE cellular network settings, in order

to make our RSS results intuitively meaningful. However, we

note the distribution of RSS over the study area is of interest

to us, rather than the absolute power values. Since a change

in transmit power would simply shift the RSS distribution

horizontally but leave its shape unchanged, our results are

generally indicative of radio coverage over the considered

urban areas, e.g. for predicting the distribution of interference

power from small cell deployments in DSA scenarios. Fig. 3a

shows an example of the RSS heatmap generated in WinProp.

We characterized the structure of the urban layout in each

study area by considering two fundamental statistics: the

building density (ratio of land area covered by buildings) and

height. We note that since our individual study areas are rather

large and there is significant variation in the 3D urban layout

(a) Bronx A (b) Bronx B

(c) Bronx C (d) Bronx D

Fig. 2. Map illustrating the building footprint layout of each of the
ca. 6 km × 6 km considered study areas in the Bronx.

(a) (b)

Fig. 3. Illustration of (a) RSS heatmap from WinProp and (b) division
into 1 km × 1 km constituent sub-areas for Manhattan B.

also within each area (as qualitatively evident from Figs. 1

and 2), we further divided each study area into its 1 km ×
1 km constituent sub-areas, as illustrated in Fig. 3b.We then

computed the building statistics for each sub-area, increasing

the granularity of our urban layout characterization.

III. RESULTS & ANALYSIS

Fig. 4 presents the empirical CDF of the RSS over each

of the considered study areas in Manhattan and the Bronx,

as given by our detailed propagation simulations in WinProp.

The distribution of building density over the 1 km × 1 km
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Fig. 4. Received signal strength distribution in the ca. 6 km × 6 km
study areas in New York City, for a macro base station at the centre
of the area (at 2 m above roof height), transmitting at 46 dBm.
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Fig. 5. Density of buildings in the ca. 6 km × 6 km study areas in
New York City for the 1 km × 1 km constituent sub-areas.

tiles constituting each 6 km × 6 km study area is shown in

Fig. 5, and the corresponding building height distributions are

shown in Figs. 6 and 7. Fig. 4 reveals a significant variation

in the RSS distributions among the seven considered NYC

study areas, despite all of these being classed as similarly

highly urbanized environments in classical statistical path loss

models. This confirms our intuition that the impact of 3D

urban structure cannot be ignored in estimating radio coverage.

Fig. 4a shows that the variation in the median RSS among

the three Manhattan study areas ranges from 5.4 dB to 12 dB.

Although the variation among the Bronx study areas in Fig. 4b

is somewhat less pronounced, the median RSS still differs by

up to 6.3 dB. Comparing Figs. 4a and Fig. 4b shows that the

difference in median RSS between a given pair of study areas

in Manhattan and the Bronx ranges from 1 dB to 13.5 dB.

The former similarity in median RSS (e.g. between Bronx A

and Manhattan B) is somewhat unexpected considering that

these two boroughs have a distinctly dissimilar urban layout,

as evident in Figs. 1 and 2. This suggests that, though the effect

of urban layout on RSS is significant, their exact relationship

is rather complex.

Moreover, Fig. 4 shows that the deviation across study areas

in the tails of the RSS distribution can be either more or,

somewhat counterintuitively, less pronounced than that in the

median RSS. For example, the maximum deviation over NYC

for the top 1 percentile is 22.9 dB, but only 11.4 dB for the

bottom 1 percentile of the distribution. Accurately predicting

the behaviour in the tails of the distribution is particularly

pertinent in the context of setting safety margins for DSA

scenarios or adjacent channel interference limits. The fact that

there seems to be no clear trend for the RSS distribution

divergence in the tails compared to the median in Fig. 4

thus poses a further difficulty for the prospect of applying

straightforward correction factors based on 3D city structure

for improved radio coverage prediction.

Let us now examine more closely to what extent the de-

rived 3D urban structure statistics correspond to the observed

variation in radio coverage in Fig. 4. Intuitively, we expect

a more open propagation environment to result in better

radio coverage, i.e. a higher RSS, at least for the median.

Comparing Figs. 4a and 5a for Manhattan is consistent with

this expectation: the radio coverage is best in Manhattan A,

followed by Manhattan B and Manhattan C, which correlates

well with the building density increasing in that same order.

Fig. 6 shows that three Manhattan study areas have a similar

median building height of around 17 m, but that there is a

larger spread of heights for Manhattan B and C compared to

A, with e.g. the tallest 10% of buildings in Manhattan B and

C being around double the height of those in Manhattan A (at

around 50 m, 41 m, and 23 m, respectively). Importantly, we

note that this increase in building height going from B to C

to A does not map to the trend in Fig. 4a of increasing RSS

going from Manhattan A to B to C.

Overall, our Manhattan data thus appears to support the

findings of the early literature [9]–[11] that a correction

factor based on average building density, but not height, may

improve the accuracy of statistical urban propagation models.

Unfortunately, once we widen the overall study area to also

consider the Bronx, such an approach seems less promising.

Firstly, comparing Figs. 4b and 5b indicates that the building

density statistics do not appear to reflect the general trend of

increasing RSS going from Bronx A to C to D to B. For

example, although the building density in Bronx C is notably

and consistently higher than in Bronx A, the RSS is up to 5 dB

higher in C than in A for the bottom 60% of the distribution.

The observed variation in radio coverage is also not explained

by the building height statistics in Fig. 7, which shows that

Bronx A and C exhibit very similar height distributions, both

in the median and tails, and the extent of homogeneity (spread

over the individual 1 km × 1 km tile distributions). Similarly,

Bronx B has a 6.3 dB higher median RSS than Bronx A,

despite both having a median building density of around 20%

and median building height of around 8.5 m.

We do note that there appears to be some coarse correlation
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Fig. 6. Height of buildings in the ca. 6 km × 6 km study areas in Manhattan for the 1 km × 1 km constituent sub-areas.

10
0

10
1

10
2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Building height (m)

C
D

F

(a) Bronx A

10
0

10
1

10
2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Building height (m)

C
D

F

(b) Bronx B

10
0

10
1

10
2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Building height (m)

C
D

F

(c) Bronx C

10
0

10
1

10
2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Building height (m)

C
D

F

(d) Bronx D

Fig. 7. Height of buildings in the ca. 6 km × 6 km study areas in
Bronx for the 1 km × 1 km constituent sub-areas.

between a larger spread of heights in Bronx A and C compared

to Bronx B and D (the tallest 10% of buildings are over 10 m

and 18 m, respectively) and poorer radio coverage. It would be

plausible that the existence of a few taller buildings reduces the

median RSS, however as discussed above, this does not hold

for areas in Manhattan. Moreover, a much greater difference

in building height between Manhattan B and Bronx A (of

around 32 m in the median) appears to have no effect on

radio coverage: Manhattan B and Bronx A exhibit virtually

identical RSS distributions in Fig. 4 with a variation of only

around 1 dB in the median. We emphasize that neither does

the building density account for this observation, as Fig. 5

shows a 7% higher median density for Manhattan B than

Bronx A. Therefore, the relationship between radio coverage

and urban structure appears to be even less straightforward

or consistent when considering a pair of study areas in the

different boroughs of Manhattan and the Bronx.

Our analysis therefore suggests that correction factors based

on elementary building statistics may have limited usefulness

locally, but do not generalize to wider regions. Nonetheless,

it may still be feasible to account for the observed significant

effect of urban structure on radio coverage via higher-order
statistics of 3D city data. Failing this, site-specific simulations

or fine-grained calibration measurements are unavoidable for

obtaining accurate urban radio coverage estimates.

IV. CONCLUSIONS

In this paper we jointly analysed radio coverage and basic

statistics of the urban layout in seven large regions of NYC,

using real 3D city data. We showed that the distribution of

building heights has no straightforward relationship with RSS

and that building density is coarsely correlated with RSS only

in Manhattan, but not in the Bronx. Our ongoing work is inves-

tigating the feasibility of using more sophisticated correction

factors based on second-order statistics of 3D building data

for improving the accuracy of statistical path loss models.
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